The cardiac toxicity has been recognized as a major medical problem that negatively affecting quality of life and prognosis in cancer survivors within chemotherapies and after ending of the treatment. The mini review is focused on the innate mechanisms of cardiotoxicity and the techniques regarding the cardiac evaluation of cancer patients. It has discussed radial and circumferential strain rates as a tool for the early detection of cardiotoxicity, whereas there are some limitation to correctly interpret findings in cancer patients with known cardiac disease and heart failure. It is concluded that more investigations are required to explain the advantages and weakness of 2D strain / 2D strain rate in cardiotoxicity determination.
HER2 agents (trastuzumab, pertuzumab), angiogenesis inhibitors (sunitinib, sorafenib, axitinib), anti-MET might distinguish in their ability to induce various CV toxicity ( Figure 1 ). AnthracyclineBased Chemotherapy (Anth-bC) may associate with subclinical CV disease manifested by deteriorations in Left Ventricular Ejection Fraction (LVEF) or increases in aortic stiffness due to direct cell injury via DNA-damage-response pathway, suppression of protein synthesis, inducing mitochondrial dysfunction, ischemia-related necrosis and cardiac cell apoptosis [4, 5] . Anti-HER2 agents appear direct toxicity via oxidative stress activation, suppression of protein synthesis, loss of myocyte population, as well as inducing cardiac hypertrophy that leads to myocardial dysfunction and heart failure presentation [6, 7] . Angiogenesis inhibitors may induce hypertension, ischemia, endothelial dysfunction, and LH hypertrophy that associate with development of impaired LV diastolic function and heart failure with preserved LVEF [8, 9] . Therefore, angiogenesis inhibitors are cable to modulate thrombosis and thromboembolism affected right ventricle pump function [10] . Several anti-MET agents are under investigation, while they exhibit CV toxicity due to impairment of endothelial function, worsening endothelial integrity, direct cell injury, and inducing coagulation / thrombosis [11] . Finally, target agents may realize CV toxicity through various mechanisms that it is essential for understanding to choose an optimal method for CV disease manifestation and progression.
Although three types of cardiotoxicities are currently recognized: acute, early-onset chronic and late-onset chronic, most cardiotoxicity occurs within the first year and is associated with agent doses and cardiac dysfunction at the end of treatment [12] . However, a prolongation of life duration following cancer treatment is greatly improved, techniques that ensure early detection and timely management of cardiotoxicity are essential [13] . Early detection and prompt therapy of cardiotoxicity appears crucial for substantial recovery of cardiac function. In this context, two-dimensional myocardial strain up to 12 months after chemotherapy might improve monitoring protocols for LV systolic function. The aim of the mini review is summary of knowledge regarding possibility of global myocardial strain to
Introduction
Cardiotoxicity in cancer survivors who receive chemotherapy may correspond with premature Cardiovascular (CV) events. Modern chemotherapy agents direct against several molecular targets such as anti-epidermal growth factor receptor signaling including anti-HER2 and anti-EGFR1, anti-VEGF signaling, antimammalian target of rapamycin (mTOR), Tyrosine Kinase Inhibitors (TKIs) and Anti-Mesenchymal-Epithelial Transition (MET) [1] . To improve the survival of patients with advanced cancer, the combinations of two or more targeted agents are used. In fact, early CV toxicity may interfere with very anticancer therapies needed to enhance survivorship or arising after cancer treatment completion. As a result, the increased rate of CV toxicity and decreased quality of life in relation to agent' dose / location and co-morbidities is expected [2, 3] .
It has noted that different agents, i.e. anthracyclines, anti-
Definition of Cardiotoxicity
According Cardiac Review and Evaluation Committee criteria cardiotoxicity due to tumoricidal drug use is generally characterized by an asymptomatic reduction in LVEF of ≥10% to <55% or, less often, as a reduction of the LVEF of ≥5% to <55% with symptoms of Heart Failure (HF) [14] . The cardiac dysfunction associated with chemotherapy leads to significantly decline of LVEF and frequently associates with asymptomatic and symptomatic HF, whereas anticancer agent-induced cardiotoxicity is most often reversible upon discontinuation of treatment and initiation of standard medical care for HF [15, 16] . There are most widely adopted criteria for adjudicating CV disease / events is the Common Terminology Criteria For Adverse Events (CTCAE) developed by the National Cancer Institute (NCI) [17] . However, differing methodologies in measurement of LVEF parameters, various magnitude of LV dysfunction, uncertain definition of potential reversibility of cardiac dysfunction, and sufficient distinguish in risk of CV outcomes are causes for inconsistence challenging in definition of cardiac toxicity ( Table  1) . Accordingly a "multiple hit" hypothesis the integral effect of anticancer agents on cardiac function corresponds to preexisting CV risk factors, co-morbidities including CV and metabolic disease, and probably non-modified factors, i.e. genetic predisposition, sex, age ( Figure 2 ). In this context, there are serious limitations for identification of CV toxicity especially at early stage in subjects with known CV disease affected LV pump function.
Cardiac Toxicity vs. Cardiac Hypersensitivity
Nevertheless there is confusion, in medical literature, between cardiac toxicity and cardiac hypersensitivity following anticancer therapy. The term "hypersensitivity" is widely used in the chemotherapy literature without a common definition. Cardiac hypersensitivity is defined as an unexpected reaction with signs and symptoms not consistent with known toxicity of the drug. Most reactions are co-incident with or within hours of drug administration [18] . Indeed, hypersensitivity reactions and reactions by chemical radicals that arise in drug metabolism may directly harm the heart muscle cell [19] . Cardiac adverse drug reactions result in disturbances of the heart rhythm, negative inotropic effects, direct damage to the heart muscle cell, and reduced perfusion of heart tissue. Therefore, hypersensitivity is an acute not dose-dependent process that may arise at any time during treatment, while cardiotoxicity refers to chronic events and denotes dose-dependent action with progressing effects resulting in cardiac fibrosis that has never been proven in acute cardiac side effects of anticancer agents. In most cases hypersensitivity reactions are associated with the specific chemotherapeutic drug and should not mix with cardiotoxicity reactions.
Modalities of Cardiac Function Evaluation
Current methods to assess cardiac function are insensitive measures of early (subclinical) cardiac injury or / and progression of known cardiac disease. Either by 2D or 3D echocardiographies is used optionally for measurement of global and regional ejection faction. 2D-modalities supply the geometric and structural information of the myocardium with high accuracy, while 3D echocardiography permits a more detailed visualization of the anatomical proportions and may have additional value in assay of regurgitation, septal defect determination, measurement of mitral and aortic root before valve replacement therapy, and LVEF determination in subjects with previous myocardial infarction or acute coronary syndrome [20, 21] . However, 2D-echocardiography may perform in several settings, whereas the acquisition of near real-time full-volume 3D data sets is influenced by the cooperation of the patient during breath holding to avoid stitching artefacts, which is limited in patients with breathless ness, arrhythmias, unstable hemodynamics, and shock.
Resting LVEF assessments, either by 2D or 3D echocardiography or nuclear blood pool scanning, as well as does not detect chemotherapy-induced early cardiomyocyte injury and is poor predictors of CV risk, including symptomatic HF, particularly when LVEF is normal or mildly impaired [22] [23] [24] . In contrast, abnormal global longitudinal strain and diastolic function are more prevalent than reduced 2D and 3D LVEF and are associated with treatment exposure [25] . Thus, global longitudinal and circumferential strain might help to detect subclinical cardiac toxicity, while tissue characteristics are not able to assay with this method. However, myocardial deformation as a target of strain measurement appears to be higher availability and reproducibility for detection of early cardiac toxicity in patients with normal or near normal global LVEF without signs and symptoms of HF. Tarr et al. [26] believed that detecting myocardial dysfunction by global longitudinal and circumferential strain requires more than 3 months follow-up. Moreover, changes in rotation, twist or time-to-peak intervals could not be verified at the 3-month follow-up in the present study. Finally, 2D global radial strain seems to be the most sensitive and robust parameter to detect early myocardial damage during chemotherapy. In contrast, 3D echocardiography is not yet an established method to detect myocardial damage in clinical practice due to lower spatial and temporal resolution [27] .
Toro-Salazar et al. [27] compared feasibility of echocardiographic techniques and Cardiac Magnetic Resonance Imaging (CMRI) detect subclinical cancer therapeutics-related cardiac dysfunction. Authors used declined LVEF < 55% as a criterion of cardiac toxicity in non-symptomatic HF pediatric cancer survivors with cumulative anthracycline doses ≥ 200 mg/m 2 . It has found that 3D echocardiographic LVEF < 55%, end-systolic volume index > 29 mL/m 2 , 3D speckle-tracking echocardiographic peak global longitudinal strain magnitude < -17.5%, and a decrease in early atrial myocardial velocity at the interventricular septum of <10 cm/sec by Doppler tissue imaging are the most sensitive transthoracic echocardiographic parameters to identify subjects with subclinical cardiac dysfunction. Agha et al. [28] reported that declined 2D-Specle Tracing Imaging [STE]-derived global longitudinal strain and 2D-STE-derived global longitudinal strain rate could be used for early detection of cardiotoxicity when global LVEF is near to normal. Interestingly, that STE is not only more sensitive than global LVEF evaluation in recognizing silent myocardial impairment during cancer chemotherapy, but declined global strain may be reversible and not associated with clinically significant cardiotoxicity or late development of decreased LVEF [29] . Indeed, LV dilation and subclinical impairment in cardiac function persists >2 years after the end of chemotherapy, without significant recovery after trastuzumab cessation, suggestive of long-term underlying cardiac damage and remodeling [30] . It is appeared to be a serious limitation to predict of CV mortality in long-term period and it might require novel approaches of data interpretations and methods of cardiac function examination.
However, declined LVEF defined other methods of visualizations, 2D global radial / longitudinal strain might evident once significant myocardial damage has already occurred [31] . Moreover, this magnitude of injury may be irreversible. Furthermore, peak systolic longitudinal strain rate are most useful for detection of early myocardial changes during therapy, whereas speckle tracking echocardiography and peak systolic global longitudinal strain appear to be the best measure [32] . However, CMRI has been identified a high prevalence of cardiomyopathy among adult survivors previously undiagnosed with CV disease [33] . In this context, 2D echocardiography demonstrated limited screening performance. In this high-risk population, cancer survivors with an LVEF 50% to 59% by 2D echocardiography should be considered for comprehensive cardiac assessment, which may include CMR [33] .
All these findings require other methods to predict cardiac toxicity before cardiac function appearance. Probably, biomarker approach (cardiac troponins, natriuretic peptides, microRNA signatures, s100 protein, etc) might become novel method for stratification of the cancer survivors [34] [35] [36] , while there is evidence regarding usefulness of biomarker strategy to predict early cardiac toxicity in declined LVEF patients receiving anthracycline-based chemotherapy [37] . In this context, serial measurements of LV systolic and diastolic function using 2D echography remain simple and routine affordable methods for determination of asymptomatic cardiac toxicity. Whether strain measurement is useful to identify non-HF patients at risk of early cardiotoxicity induced any regime of chemotherapy remains challenging [38, 39] . Yet, Right Ventricular (RV) dysfunction has been persisted in the majority at follow-up, although the prognostic value of RV dysfunction at the time of cardiotoxicity warrants further investigation [40] . Some experts have suggested that involving RV in cardiomyopathy development after or within chemotherapy is required more widely using of CVRI instead strain measurement [41, 42] . Probably, implementation of RealTime 3-D Echocardiography (RT-3DE) with CMRI in cancer survivors might help to detect more abnormalities in cardiac function than conventional measurement of global LVEF and 2D strain / 2D strain rate [41] . Moreover, it is suggested that the LV dyssynchrony indexes and tissue characteristics derived from RT-3DE and CMRI appear potentially useful in assessing the early signs of cardiotoxicity between chemotherapy and radiotherapy exposed long-term survivors of cancer.
Finally, radial and circumferential strain rates are interesting tool for the early detection of cardiotoxicity, whereas there are some limitation to correctly interpret findings in cancer patients with known cardiac disease and HF. It is required more investigations to explain the advantages and weakness of 2D strain / 2D strain rate in cardiotoxicity determination.
In conclusion, declined global strain may identify early cardiac dysfunction in non-symptomatic HF cancer survivors who may benefit from early medical intervention, when conventional echocardiographic values are normal or near normal. RT-3DE alone or in combination with CMRI is more accurate for measurement of global LVEF and RV function compared with 2D-echography in subjects at higher risk for poor clinical cardiac outcomes. Contemporary 2D-echography remains probably as routine method for detecting decreased LVEF due to cardiac toxicity in survivors with asymptomatic and symptomatic HF.
